The usage of Epilobium angustifolium L. in folk medicine against prostate and dermal diseases encouraged us to investigate pBR322 DNA-binding ability, biological activities and chemical composition of wild growing Epilobium angustifolium L.'s methanolic, ethanolic and aqueous extracts from Canakkale, Turkey. DNA-binding activity was studied by agarose gel electrophoresis and chemical composition via GC, GC-MS, HPLC, LC-MS, ICP-MS, and AAS. A detailed literature survey indicates no data on pBR322 plasmid DNA interaction of Epilobium species which is an important criterion for being a potential anticancer agent. Antibacterial and antifungal effects were tested against 11 bacteria and 3 fungi and compared with ampicillin, chloramphenicol, and ketoconazole by agar well diffusion techniques. Total phenolic content was found by Folin-Ciocalteu method, and antioxidant activity was obtained by DPPH and Fe(II)-FZ (ferric-ferrozine) methods. This plant is rich in flavonoids, hormones, fatty acids, and phenolic acids. Si, K, Mg, P, and Mn were the main inorganic elements. Epilobium angustifolium L. with its high DNA-binding activity and rich chemical composition can be an excellent potential anticancer, antimicrobial and antioxidant prodrug.
INTRODUCTION
The genus Epilobium is found all over the world and consists of nearly 250 species. Since both phytochemical content and biological activities show differences according to plant location, we studied the Turkish origin for its chemical composition and biological activities (1) . Various species of Epilobium are used in folk medicine mainly for prostatic disease and any other health disorders and in cosmetic as skin anti-aging. Epilobium angustifolium L. has been found (2) being effective on prostaglandin biosynthesis and inducing edema. Anti-inflammatory effects of the plant have also been determined (3) . Anti-diarrhoeic, anti-secretory, and anti-motility activities have been researched (4) for gastrointestinal treatment. Analgesic activity of Epilobium angustifolium L. has been investigated (5) . Myricetin-3-O-beta-D-glucuronide has been isolated and determined (6) as an antiphlogistic principle and also examined (7) for its anti-inflammatory activities. A study (8) has displayed the activity of Epilobium angustifolium L. extract against the LNCaP in human hormone dependent prostate cancer cells. Epilobium angustifolium L. includes Oenothein B, and this component has been analyzed for its inhibition activity of 5-alphareductase and aromatase enzymes that raise benign prostatic hyperplasia, BPH (9) . Oenothein B is a dimeric ellagitannin and has also been proved to affect the NEP activity in prostatic cancer progression (10) . According to Vitalone, Epilobium angustifolium L. and its Oenothein B were effective to inhibit DNA synthesis in the human prostate cell line. All these scientific researches show that the use of this herb is appropriate for prostate disease among the people. Obtained results caused the Community on Herbal Medicinal Products (12) to publish a directive of Epilobium angustifolium L. for the folk medicinal application against prostatic disease. Epilobium angustifolium L. is also the main source to obtain Oenothein B. Its patented medicaments can be used to heal skin disorder (13) . An important component of the plant, "Oenothein B" showed (14) cytotoxic activity against human oral tumor cell lines. In other studies (15, 16) Oenothein B had antitumor activity against sarcoma-180 in mice. According to the antimicrobial analysis by Rauha Petal (17) , Epilobium angustifolium L. is one of the most active plants. In another study (18) about Epilobium species, Epilobium angustifolium L. showed antimicrobial activity inhibiting bacteria and fungi. Leaves and flowers of the plant were searched (19) in vitro for antimicrobial activity in the early stages of BPH, and aqueous plant extract demonstrated antifungal activity (20) . Total phenolics in plant extract were measured as GAE of antioxidant activity (21) . Radical scavenging capacity (RSC) was investigated (22) by DPPH assay and total reducing power by FRAP (23) . Immunomodulatory activity was examined in vivo and in vitro (24) relating to Oenothein B content. Epilobium angustifolium L. of Mongolian origin has been searched (25) for its free radical scavenging property. Antitumor activity of Oenothein B isolated from Epilobium angustifolium L. was studied (26) in vivo against MM2 ascites tumors and in vitro by treatment of macrophages from mice and humans.
Epilobium angustifolium L. is also digestive as tea, vegetable, soup, and salad (27) and called as "Fire Weed" because of its occurring within the vegetation after forest fires (28) .
This study has three aims; one of them is to investigate the general pBR322 plasmid DNAbinding, antibacterial, antifungal and antioxidant activities of ethanolic and methanolic extracts of Epilobium angustifolium L. in order to use it as a potential anticancer, antimicrobial, antifungal and antioxidant prodrug. These biological activities of this plant were not investigated before in Turkey. According to the literature survey, there is no data about the general pBR322 plasmid DNA-binding effect of Epilobium angustifolium L. DNA-binding effect is one of the criteria for inhibition of cancer and usage as an anticancer agent (29) . Cancer is the uncontrolled and abnormal growth of cell as a result of DNA damage (30, 31) . DNA-binding agents with different functional groups are present in the composition of the anticancer drugs.
Secondly, it is aimed to analyze the chemical composition of this plant for flavonoids, steroid hormones, fatty acids, phenolic acids, and inorganic elements as bioactive substances which were not studied before in Turkey. Besides, DNA-binding ability and inorganic elements of Epilobium angustifolium L. were also not investigated in the literature.
The third aim is to establish a relationship between the chemical composition and all these mentioned biological activities.
MATERIALS AND METHODS

Standards and Reagents
Sigma HPLC grade methyl alcohol and ethyl alcohol were used for extraction. Merck HPLC purity grade hexane was used for extraction of fatty acid components. 37% Merck fuming HCl was used for hydrolyzation. Flavonoid standards were Sigma pure grade. [Quercetin, Myricetin, Hyperoside, Quercitrin, Quercetin glucoside, Kaempferol, Apigenin, Catechin, Cyanidin chloride, Delphinidin chloride, Isoquercetin, Kerocyanin chloride, Luteolin, Malvidin, Naringenin, pcoumaric acid, Pelargonidin, and Peonidin chloride]. Deionized water was obtained with Millipore (Ultrapure Milli-Q) Water Purification Systems. Plant materials and chemicals were weighed on Sartorius A200 Series scale. AcN, TFA, Formic acid, Ethyl acetate, chloroform, DMSO were also HPLC purity grade. Extra pure Merck silica gel 60 (0.063-0.200 mm) was used for column chromatography to fractionize the ethanolic and methanolic extracts. Petroleum ether was of Sigma pure grade.
Collection of E. angustifolium L. and Preparation of the Extracts
The Epilobium angustifolium L. was collected at the flowering season from Canakkale, Turkey and identified by the Faculty of Pharmacy, Istanbul University. (Herbarium code number; ISTE 83909). The overground parts of Epilobium angustifolium L. from Canakkale, Turkey were washed with deionized water and dried for 5 to 7 days in the shade at room temperature. The dried parts were powdered finely. For the determination of all these activities, Epilobium angustifolium L. powder was extracted with both ethyl alcohol and methyl alcohol separately with the same procedure as follows. 10 g of the mixtures obtained from the aerial parts of the powdered plant leaves, flowers, stems, and seeds were extracted with 250 mL of ethyl alcohol and 250 mL of methyl alcohol separately by Soxhlet extraction method. The alcoholic extracts were filtered and evaporated to dryness under reduced pressure at 40 °C in a rotary evaporator.
These crude extracts were stored at -10 °C until analyses. The residues were dissolved in DMSO and analyzed for the biological activities.
Aqueous extract for MS, GC -MS, LC-MS and HPLC Analysis
The aqueous extract sample; 10 g of the homogeneous content of stems, leaves, and seeds were prepared from the plants. This plant material was extracted with 250 mL of distilled water extracted for 3 hours by Soxhlet extraction method. The extract was filtered, evaporated to dryness under reduced pressure at 60° C in a rotary evaporator under vacuum until 30 mL thick residue was left. The residue was analyzed.
Ethanolic Extract for GC-MS and LC-MS Analysis
Stems, leaves, and seeds from the plant to contain a homogeneous mixture of about 10.22 g of dried Fire Weed (Epilobium angustifolium L. ) were taken in ordinary filter paper for making a capsule in the Soxhlet apparatus with 330.95 g of ethyl alcohol for extraction. The alcoholic extract was filtered and evaporated to dryness under reduced pressure at 40°C in a rotary evaporator.
Methanolic Extract for GC-MS Analysis and HPLC
The methanolic extract prepared by Soxhlet extraction method was evaporated under reduced pressure at 40°C to separate the crude extract from methanol. After removing the solvent, the gained crude extract was fractionated by column chromatography with various chloroformmethanol mixtures on silica gel 60 (0.063-0.200 mm). All acquired fractions were analyzed by GC-MS. This analysis was especially performed to determine the steroid structural hormonal components. Fortunately, many different functional substances were observed besides the hormones. Methanolic extract's GC-MS analysis exhibited much more compounds than both ethanolic extract and aqueous extract.
Hydrolysate Samples
Epilobium angustifolium L. plants' aqueous extract, ethanolic extract, and dry plant were hydrolyzed according to same hydrolyzation way, and all these obtained hydrolysates were analyzed by the LC-MS method. In the hydrolysis method(35); 25 mL of aqueous extract, 25 mL ethanolic extract, and 25 g of the dry plant were respectively hydrolyzed with same time for each hydrolysis. 25 mL of methanol (1% by volume HCl) comprises was added over the indicated amounts of samples. 5 mL of 1.2 M HCl was added to each mixture, and the total mixtures were refluxed at 90°C for 2 hours. Then the refluxed liquids were cooled to room temperature and allowed to wait for 3 minutes to provide the removal of oxygen by using a sonic bath.
Sample Preparation for Plant's Fatty Acid Composition
A homogeneous 10 g mixture of plant stems, leaves and flowers was used to put in a capsule for extraction. This mixture was extracted by Soxhlet apparatus with 250 mL of hexane for 4 hours. The obtained extract was evaporated at 40°C under vacuum until about 10 mL of the thick residue was gained. 0.3 g of the residue was allowed to wait with 18.5 mL boron trifluoridemethanol complex at 50 °C water bath for 10 minutes to yield the methyl esters of the possible fatty acids. The resulting material was shaken with petroleum ether; it was made neutral by washing with distilled water for two times. Petroleum ether phase taken, incubated with 1 spatula of sodium sulfate for 15 minutes. This prepared sample was analyzed by GC.
Inorganic Elements Analysis of the Plant
Dry sample was prepared as follows; the aerial parts of the plant with a mixture of the stem, seeds, flowers, and leaves were thoroughly pulverized in a mortar with a pestle. The previously prepared aqueous extract was also analyzed for inorganic elements.
DNA-Binding Studies and Biological Activities
Studies of Interaction with pBR322 plasmid DNA The interaction of compounds with pBR322 plasmid DNA was investigated by agarose gel electrophoresis. The extract incubated with supercoiled plasmid pBR322 DNA in the dark at 37 °C for 24 h. The aliquots of the DNA/extract mixtures were mixed with the loading buffer (0.1% bromophenol blue, 0.1% sucrose) and loaded onto the 1% agarose gel. Electrophoresis was carried out in TAE buffer (0.05 M Tris base, 0.05 M glacial acetic acid and 1 mM EDTA, pH=8.0) for 3 h at 70 V. Afterwards, the gel was stained with ethidium bromide (0.5 µg/mL), visualized under UV light using a transilluminator (BioDoc Analyzer, Biometra) and the image was captured with a video camera as a TIFF file. The experiments were repeated three times.
Antimicrobial Activity Analysis
The antimicrobial activities of plant extracts were assessed against bacterial strains; Bacillus suspensions were adjusted to a turbidity of 0.5 McFarland. Sabouraud dextrose agar (for fungal strains) mixed with 1% culture suspension and poured into the plates. Wells with a 6.0 mm diameter were prepared, and the solution of the 100 mg/mL plant extract (50 µL) was added to the well. After incubation, the diameter of the inhibition zone was measured in millimeters. The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) values of the extracts which were shown antimicrobial activity were determined by the broth microdilution method. MIC is the lowest concentration of an antimicrobial that will inhibit the visible growth of a microorganism after incubation. MBC is the lowest concentration an antimicrobial agent required to kill a particular bacteria or fungi.
Free Radical Scavenging Activity Using DPPH• radical
The scavenging activity of the stable 1,1-diphenyl-2-picrylhydrazyl (DPPH•) free radical was determined by the method described by Braca (32) with some modifications. Samples (1 mL) were mixed with 1 mL of DPPH in methanol (0.04 mg/mL), incubated 30 min at room temperature, and the absorbance was measured at 517 nm. Methanol and butylated hydroxytoluene (BHT) was used as negative control and as the standard of the assay, respectively. The inhibition activity (%) of DPPH radicals was calculated as [(A0−A1)/A0]×100, where A0 was the absorbance of the negative control, and A1 was the absorbance of the extracts.
The concentration of sample required to reduce 50% of DPPH radicals (IC50) was calculated from linear regression analysis.
Estimation of Total Phenolics
The total phenolic content was determined according to the Folin-Ciocalteau method described by Siddhuraju and Becker (33) with some modifications. For the assay, aliquots (100 μL) of extracts were taken in test tubes. Then 0.2 mL of Folin-Ciocalteau phenol reagent (1:1 with water) was added to each tube and incubated for 3 min. Then 1 mL of sodium carbonate solution (2%) were added sequentially to each tube. Soon after vortexing the reaction mixture, the test tubes were placed in the dark for 1 h. The absorbance was recorded at 760 nm against the reagent blank. The analysis was performed in triplicate, and the results were expressed as the gallic acid equivalents.
Metal Chelating Activity
The extracts (1.85 mL) were added to a solution of 2 mM FeCl2 (0.05 mL) and incubated for 5 min. The reaction was initiated by the addition of 5 mM ferrozine (0.1 mL), and the mixture was shaken vigorously and left standing at room temperature for 10 min Absorbance of the solution was then measured spectrophotometrically at 562 nm. The solvent of the extracts was used as negative control of the assay. The chelating activity (%) of the extracts was calculated as [(A0−A1)/A0]×100, where A0 was the absorbance of the negative control, and A1 was the absorbance of the extracts. The concentration of sample required to reduce 50% of iron (II) ions (IC50) was calculated from linear regression analysis (34) .
Chemical Analysis' Instrumental Conditions; MS, GC-MS, LC-MS, HPLC, GC, ICP-MS and
AAS were used.
MS Analysis Conditions
MS spectra were recorded with Thermo MS analyzer. Source voltage was set to 1920 V, and the source current was 6.10 kV. The vaporizer temperature was 450.10 °C. The capillary temperature and capillary voltage were set to 251.60°C and -46.99 V, respectively. Sheath gas was at a flow rate of 59.42 mL/min. Sweep gas flow rate was 19.66 mL/min. Tube lens voltage was -50.00 V. Analysis was carried out with APCI detector. The results were determined according to molecular weights.
GC-MS Analysis Conditions
Methanolic, ethanolic, and aqueous extracts' analyses were performed on a Shimadzu GC 2010 instrument equipped with QP 2010 Plus mass spectrometer. A nonpolar fused silica capillary column TRB 5MS and a polar column ZB50 were used for the separations. The carrier gas was helium with constant flow rate as 1 mL/min. Injection volume was 1 μL with the splitless mode. Used standards and their retention times were given in 
HPLC Analysis Conditions
Fatty Acids' GC Analysis Conditions
The instrument was 
Inorganic Elements Analysis Conditions
Both dry pulverized plant material and aqueous extract sample were analyzed on Thermo- 
RESULTS AND DISCUSSION
DNA-binding Studies and Biological Activities.
"Number 1" is methanolic extract, and "Number 2" is ethanolic extract for all DNA-binding, antioxidant, antimicrobial and antifungal studies.
Studies of Interaction with plasmid DNA
Gel electrophoresis of control and treated plasmid DNA gave two bands corresponding to supercoiled Form I and singly nicked Form II DNA (36) . When it was electrophoresed after its interaction with plant extract, there is a significant change in intensity and mobility of form I and form II DNA (Figure 1 ). The result showed that there was no Form I and Form II bands at two high concentrations of the extract (Lanes 1 and 2) possibly was indicative of DNA damage rather than any change in DNA conformation. Although the change was less dramatic at the three other concentrations, the intensity of form II DNA increased and linear form III DNA indicated DNA conformational changes. 
HindIII restriction enzyme digestion
In order to learn information if extract bound to DNA, the DNA-extract incubation mixture was followed by HindIII and BamHI restriction. plasmid DNA digested with HindIII. Lanes 1-2 applies to plasmid DNA interacted with the extracts 1-2 followed by their digestion with HindIII. As a result, the extracts were found to be very active against DNA and bind to DNA.
The Antimicrobial Activity
The antimicrobial activity of the extracts was determined against bacterial and fungal test strains.
The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC)
values of the extracts were given in Table 1 and antimicrobial agents as ampicillin and chloramphenicol. Otherwise, the plant extracts which were used in this study exhibited no antifungal activity against candidal strains (Table 3) . Amp: Ampicillin, C: Chloramphenicol are standards for antibacterial activity. Amp: Ampicillin, C: Chloramphenicol are standards for antibacterial activity.
Antioxidant Activity
Free radical scavenging activities of the plant extracts were determined by DPPH method. IC50
values of methanolic and ethanolic extracts were 9.69 ± 0.22 and 16.06 ± 0.54, respectively (Table 4) . Total phenolic contents of methanolic and ethanolic extracts were found as 369.85 ± 1.96 and 236.13 ± 0.21 respectively (Table 5 ). Metal chelating activities of the plant extracts were 3.21 ± 0.21 and 7.79± 0.24 (Table 6 ). Free radical scavenging activity and metal chelating activity of the ethanolic extract was more effective than methanolic extract's while the total phenolic content of the methanolic extract was higher than ethanolic extract. Antioxidants are expected to have antimicrobial activity (37, 38, 39) . This relation is valid for this study. Both data as antioxidant capacity-total phenolic content and antimicrobial activity levels are in consistency as being an active purposive agent. In this study; metal chelating activity (ferric-ferrozine), total phenolic content (as gallic acid equivalent with Folin-Ciocalteu method) and free radical scavenging activity (DPPH) was used in combined manner to determine antioxidant activity. High amounts of total phenolic contents are in correlated with strong DPPH and Fe (II)-FZ (ferric-ferrozine) assays.
Chemical Composition Analysis
GC-MS Analysis of Ethanolic Extract
Analysis of Ethanolic Extract on Polar Column
Ethyl alcohol extract contains; octadecanol and hexadecanol as long chain alcohols. Farnesol, 1-Iodoundecane, and 1,2-Dimethyl-benzene (p-or o-) are some of the observed components (Table 7) . (Table 8) .
Analysis of Ethanolic Extract on Nonpolar Column
GC-MS Analysis of Aqueous Extract Sample
Analysis of Aqueous Extract on Polar Column
The aqueous extract contains; Stigmasterol, Cholest-5-en-3-ol also known as Cholesterol that has wound healing property (40) and skin protector activities, Ergesto-5,22-dien-3-ol, (3-Beta, 22 Z ) and Cholesta-4,6-dien-3-ol ( 3.Beta ) were also observed ( Table 9 ). (Table 10) .
Analysis of Aqueous Extract on Nonpolar Column
GC-MS Analysis of Methanolic Extract
Analysis of Methanolic Extract on Polar Column
Analysis results were given in a detailed form in Table 11 . Some of the important constituents were mentioned. Many pharmaceutical drugs include 2-pyrrolidinone compound. 2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one (41) 1(3,7) .1 (9, 13 
Analysis of Methanolic Extract on Nonpolar Column
L(+)-glutamine was a major compound of methanolic extract as an amino acid and has a significant medicinal usage for injury and illness. 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl (DDMP) has strong antioxidant activity. Long chain fatty acids and derivatives were observed as Hexadecanoic acid, Oleic acid(9-Octadecenoic acid (Z)) and Pentadecanoic acid, 14-methyl-, methyl ester (Table 12) . 
Analysis of Flavonoid Compounds
Aqueous extract comprises mainly myricetin and its derivatives as flavonoids. Myricetin has more OH groups than quercetin, so it is more soluble in the aqueous phase. Both quercetin and kaempferol have less OH groups than myricetin, and both of them are less soluble than myricetin in the aqueous phase. The ethyl alcohol phase consists of more quercetin and kaempferol than the corresponding aqueous phase (Table 13) . Separated glycosides were seen in the hydrolyzation process. Therefore, there is more than one single flavonoid glycoside linkage.
Multiple glycosides were connected to flavonoids from different sides not only from the 3rd or 
+, (359)
+, 
+,
Myricetin-3-Oglucoside 
-
Fatty Acid Analysis of Plant's Hexane Extract by GC
Butyric acid, cis-13,16-docosadienoic acid, lignoceric acid, and nervonic acid are the highest fatty acids in the GC analysis (Table 14) . GC-MS analysis of methanolic extract has also provided detailed fatty acid components (Table   11 and Table 12 ). 9,12-octadecadienoic acid (Z,Z), tetradecandioic acid dimethyl ester, hexadecanoic acid methyl ester, eicosanoic acid, 9-octadecenamide are main ones.
Hexadecanoic acid was also observed in aqueous extract's GC-MS analysis.
Inorganic Element Analysis
ICP -MS Analysis
According to the ICP-MS (Table 15 ) and AAS (Table 16 ) analysis, the plant has high amounts of K, Mg, Na, Fe, Si, Ca and low amounts of I, Zn, Al, Mn, Cu, Ni, Sr and trace amounts of Mo, Se.
GC-MS analysis of the plant's methanolic extract showed many macromolecular organic Si ether structures, iron complexes, and alkyl iodide derivatives. Organic Si ether structures make the plant useful as natural skin peeling agent. Additionally, rich Si content allows the plant to be resistant against to fire and hard environmental conditions. 
Analysis of Hormonal Compounds
Hormonal structures were particularly investigated by GC-MS analysis of aqueous (Table 10 ) and methanolic extracts (Table 11) . Ergesto-5,22-dien-3-ol (3-beta, 22z), stigmasterol, cholesta-4,6-dien-3-ol (3.beta), cholest-5-en-3-ol (3.beta), 5-alpha, ergost-8(14)-en were mainly in the aqueous extract. anti-4-aza-β-homo-5α-cholestan-3-one, androstane-11,17-dione, silane, trimethyl[(3a)-stigmast-5-en-yloxyl, cholestane-3,5-diol, stigmast-5-en-3-ol (β-sitosterol), pregnane-3,11,20,21-tetrol were observed in the methanolic extract.
The plant contains antiandrogenic effective sterol derivatives like anti-4-aza-β-homo-5α-cholestan-3-one. Cholesta-4,6-dien-3-ol has antioxidant activity. The methanolic extract has also contained cholest-5-en-3-ol as mentioned before. Cholest-5-en-3-ol with the common name cholesterol shows wound healing, skin disease repairing and skin protector activities. Betacytosterol's synonym is stigmast-5-en-3-ol. Campesterol is an antioxidant and hypocholesterolemic. Stigmaster is anti-inflammatory, antioxidant, antiviral, cancer-preventive, hypocholesterolemic and sedative among the others. Androstane-11,17-dione is used as prohormone drug to eliminate some diseases or deficiencies. 5-Alfa, ergost-8 (14 )-en is an ergosterol derivative.
Phenolic Acids
Phenolic acid contents of the plant for LC-MS analysis were decided according to the mass fragmentation values (Table 17) . Ellagic acid is a principal phenolic acid in Epilobium angustifolium L. according to LC-MS analysis. Ellagic acid has antioxidant and anticancer properties (50, 51) . Ellagic acid has several derivatives and also has DNA-binding activity (52, 53) . DNA interaction is one of the criteria for being an anti-cancer agent. Due to the pharmaceutical reports, if a damaged DNA would be bound by any chemical or phyto agent, the cancer cells were diminished (55) .
New structures were also observed by the LC-MS analysis in addition to known flavonoids. These structures were ellagic acid and its derivatives. According to LC-MS analysis, bigger structural phenolic acid derivatives were observed in the plant. The anticancer and immune system enhancing substances (56) were generally described as containing cyclic molecules and various heteroatoms (O, N, S, Cl, F, I). Cyclic and macromolecular structures act as a trap for cancerous DNA. In this way cancer, DNA's growth is inhibited. Such agents exhibit DNA-binding activity.
The methanolic extract is richer than ethanolic extract for phenolic acid content, but both extracts showed DNA-binding activity (methanolic extract binds effectively to DNA at the first two highest amounts of concentration where ethanolic extract binds less efficient but at the first three amounts of concentration. (Figure 1 ) The extracts have been found to be very active via binding to pBR322 plasmid DNA. Inorganic elements can be active centers for biological activities.
K, Si, Mg, Mn, P, Fe, and Na levels were the main inorganic elements of infusion tea and dry powdered plant sample. I, Zn, B, Al, Cu, N, Cr levels were lower. All these inorganics may be important active centers. GC-MS analysis of methanolic extract exhibited several Si-organo compounds. This feature may make the plant serve beneficial for cosmetic purposes.
Both methanolic and ethanolic extracts were studied against 11 bacteria and 3 fungi for their antimicrobial activities. B. cereus, S. typhimurium, E. hirae, and P. vulgaris are not tested before. The antioxidant activity supports antimicrobial activity. Epilobium angustifolium L. was found rich in total phenolic content and antioxidant activity as in vitro in this study. There are no data about antioxidant activity of methanolic extract, but aqueous and ethanolic extracts were investigated (60) . Both high antioxidant and antimicrobial data are compatible with each other.
According to the in vitro analysis of this study, good results were obtained with Epilobium angustifolium L. as a potential prodrug with its antioxidant, antimicrobial and DNA-binding activities, it can be an anticancer agent. This plant can be used among the people in the form of tea or salad or vegetable for several health and pharmaceutical purposes. Its drug form can be produced in the medicinal industry from its aqueous, methanolic or ethanolic extracts.
It is suggested that whole plant extracts may be more responsible than isolated compounds for these synergistic health effects of Epilobium angustifolium L. due to obtained results and chemical composition in this study. This opinion is also supported by some literature (61) .
